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OBJSCT  OP 

To  coEsarativeiy  evaluate  three  aethods  for  detecting  totern^ 
corrosion  in  steaa  condensate  return  pipes  as  to  sseuracy,  dependabili^ 
and  relative  lengths  of  tlsse  and  operations  involveo  in  caking  neasure- 

laents. 


ABSIBMn 

Three  proprietary  testers  were  evaluated:  the  Katicnal  District 
Heating  Association  Corrosion  Tester,  the  Bureau  of  Hines  Condensat^ 
Corrosion  Tester,  and  the  Crest  Instnaaent  Co^>ai9  Corrosoneter  prone. 

An  IKSL  tester  was  also  evaluated. 

In  two  laboratory  and  two  field  test  series,  the  variation  in  the 
teat  data  was  relatively  insignificant  aaong  three  testers  -  the  BaKlnes 
r^Cer,  the  Corrosooeter  probe  and  the  SCEL  tester,  KDBA  tester 
showed  a  significant  variation  in  the  test  data  free  the  other  testers . 


IHTEODDCnOS 


Corrosion  in  staan  condensate  pipelines  of  steam-heating  and  steam 
power  plants  is  a  constant  problem  throughout  the  Saval  Shore  Establish¬ 
ment.  Kaintenance  ai>d  repair  costs  have  been  estimated  at  $2,500,000 
for  the  first  six  taonths  of  1955  in  continental  United  States  instal¬ 
lations  of  one  of  the  defense  agencies.^  Early  detection  and  prevention 
of  corrosion  is  therefore  of  the  utmost  importance. 

The  devices  most  cocaonly  used  at  naval  installationi  for  detecting 
internal  pipe  corrosion  are  the  national  Distrf  -t  .Heating  Association 
(KDHA)  Corrosion  Tester  and  the  Bureau  of  Mines  (BuMisea)  Condensate- 
Corrosion  Tester.  Although  these  testers  are  generally  accepted  as 
reliable,  they  require  a  wlntmua  of  30  days  to  show  the  amount  of  corro¬ 
sion.  Another  device,  the  Corrosooeter  probe  introduced  several  years 
ago  by  I&tional  Alxiainate  Corporation,  is  advertised  as  needing  a  mini- 
sun  cf  time  to  determine  the  amount  and  rate  of  corrosion.  BtiDocks 
therefore  requested  that  SCSL  xmdertake  an  evaluation  and  coc^rison  of 
these  three  methods  for  detecting  corrosion  in  internal  condensate  re¬ 
turn  lines.  In  addition,  a  tester  was  fabricated  by  the  Laboratory. 


COSHOSIOH  TESTE2S 


BuMines  Tester 


I  •' 


The  BuHlnes  Condensate-Corrosion  Tester  was  developed  by  the  Indus¬ 
trial  Mater  Laboratory,  Bureau  of  Mines,  Department  of  the  Interior,  at 
College  Park,  Maryland.  The  tester  consists  of  a  3/4- inch- diameter  by 
3- inch- long  pipe  nipple,  which  accermsodates  six  carefully  weighed  and 
measured  internal  steel  rings.  The  amount  of  corrosion  is  determined  by 
the  loss  in  weight  by  corrosion  of  the  rings.  This  composite  nipple  is 
counted  between  two  conventional  pipe  couplings  and  two  additional  pipe 
nipples,  forming  a  corrosion  test  imit  as  illustrated  in  Figure  1. 

The  Industrial  Mater  Laboratory  recocssends  installation  of  these 
testers  at  a  point  somewhat  removed  from  the  steam  boiler  plant  and 
downstream  from  an  active  condensate  trap  which  is  draining  a  unit  beater 
or  other  condensing  unit.  In  plants  aaving  a  history  of  corrosion,  tests 
of  frtm  60  to  50  days  are  recommended,  though  longer  test  pe'^I^ds  are 
comson  in  plants  h^rving  relatively  few  maintenance  problems. 
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At  tbs  coccltision  o£  tbs  test  exposure  period,  tbe  testers^en^r^ 
turned  to  tbe  Industrial  Water  Laboratory  for  evaluation.  Tbe  rSigB 
are  ressoved  and  cleaned  by  special  processes,  tbsn  rewelgbed  to  deter? 
mine  weight  loss  and  given  a  critical  exani nation.  As  a  result  oF  tbe. 
exaoination  ar^  evaliution,  rbe  Industrial  Water  Laboratory  is  able  to 
detemine  the  rate  and  aaount  of  corrosion  in  tbe  condensate  return 
line  sallied.  In  addition  to  indicating  tbe  degree  of  corrosion,  t^ 
tester  shows  a  corrosion  pattern  by  tbe  pitting,  channeling  and  worming 
thereby  providing  a  guide  to  tbe  causes  of  tbe  corrosion. 


KDBA  Tester 


Tbe  EOBA  Corrosion  Tester  (obtained  through  tbe  Dearborn  Chemical 
Compai^,  Chicago,  Illinois)  represents  one  or  the  original  exxosta  toward 
develppoent  of  a  test  instrument  to  determine  which  steam  plants  could 
benefit  by  the  chemical  treatment  of  condensat'.^  This  tester  utilizes 
the  same  principle  as  the  BuMines  tester,  but  udes  steel  coils  rather 
than  rings.  The  unit  consists  of  three  helical  coils  of  wire  mounted  on, 
but  insulated  from,  a  steel  frame  attached  to  a  standard  pipe  plug,  as 
shown  in  Tlgure  1.  Wire  colls  for  these  testers  arc  available  in  a 
variety  of  materials  such  as  alumimsa,  brass,  copper  and  nickel,  as  well 
as  Bessemer  steel  which  is  ustially  used  in  ti.'sdsnsAte  retuni-lins 

tests. 

Installation  and  esqtosure  tiaa  rccooacnd&tions  for  the  KDEA  tester 
are  siailar  to  those  of  the  Industrial  Water  Laboratory  for  their  tester. 
Test  units  are  returned  to  the  sanufactnrer  for  evaluation  after  the 
exposure  period.  Corrosion  rate  and  magnitude  are  determined  by  a  com¬ 
parison  with  recorded  original  weights  and  by  the  application  of  a  con¬ 
stant  determined  for  the  coil  material.  Frames  are  re-usable  and 
issdfvid^al  coi?.s  are  available  for  local  weighing  and  analysis  by  the 


Corr^^ss-eter  Tester 

■Rie  Crest  Corrossaetar  end  Corrxjsoeseter  probes,  available  through 
the  Crest  InsCmsent  Santa  Fe  Springs,  California,  utilizes 

the  principle  tbs*  ratals  have  a  hlg^  electric^  conductivity.  A 
special  probe  1)  with  a  protected  and  an  unprotected  element 

of  the  desira^  is  installed  in  the  suspect  pipeline.  As  corro¬ 
sion  of  the  element  occurs,  the  subsequent  greater  electri¬ 

cal  rtalwtanc-e  Itcrtases  the  differeise  between  the  conductlvi^  of  the 
protected  arvi  juprotected  elements.  This  is  determined  through  the  use 
of  an  electrical  resistance  bridge  apparatus.  Because  the  measurement 
is  a  ratio  of  the  two  resistances,  it  is  independent  of  the  current 
used  to  energize  the  bridge  es  well  as  of  tesperature  change.  Thirty 
probe  materials  are  available  in  three  different  forms.  The  core 
sensitive  forms  are  thin-walled  tubes  and  wires.  Strips  are  available 
for  long-time  use. 
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Corroaioa  loss  is  read  directly  £roa  the  dials  of  the  electrical 
bridge  test  instrument  while  the  test  probe  is  undergoing  exposure  in 
the  line.  Successive  readings  should  be  plotted  versus  tloe,  and 
corrosion  trends  deteroined  graphically.  Figure  2  presents  a  graph  of 
the  rate  of  corrosion  during  one  of  the  test  series.  A  straigbt>iine 
relationship  exists,  with  a  slight  increase  in  corrosion  loss  with  tixse. 

KCEL  Coupon  Tester 

In  addition  to  the  three  proprietary  testers  evaluated,  coupons 
were  cut  from  a  section  of  a  typical  condensate  return-line  pipe  and 
isounted  in  pipe  plugs,  as  shown  in  Figure  1,  for  exposure  in  the  various 
test  series.  The  degree  of  corrosion  was  detenained  by  the  difference 
in  the  original  weights  of  the  coupons  and  the  weights  when  cleaned 
after  tests. 


lESTS  PEEFOSHED 


Iteo  laboratory  e^osure  test  series  and  two  field  test  series  were 
conducted  with  the  £o\ir  types  of  testers.  For  identification  purposes 
the  €ng>osure  series  will  be  referred  to  as  Laboratory-1  and  Laboratory-2 
Field-1  and  Field-2. 


In  the  L«boratoty-l  test  series,  one  corrosion  tester  of  each  type 
was  installec  in  a  plastic  manifold  in  which  a  one-percent  solution  of 
Hd  in  w'ater  'las  circulated  by  a  srsall  pump.  Hie  testers  were  arranged 
in  series  and  were  subjected  successively  to  the  corrodent.  This  test 
series  wcs  not  intended  to  simulste  a  steam  condensate  line  but  rather 
to  compare  the  testers  with  equal  quantities  of  a  known  corrodent  con¬ 
tinuously  passing  each  tester. 


In  the  Laboratory-2  test  series,  one  of  each  of  the  proprietary 
testers  was  installed  in  each  leg  of  the  test  manifold  shown  in  Figure  3 
A  3/4-inclc-dlaaeter  by  3- inch-long  pipe  nipple  was  also  installed  in 
order  to  compare  the  results  of  the  corrosion  testers  with  the  actual 
loss  in  a  pipe  section. 


prior  to  installation  the  nipple  was  cleaned  and  weighed,  and  at 
the  conclusion  cf  the  test  it  was  again  cleaned  and  weighed  and  the 
corrosion  loss  was  detemined  as  the  average  loss  over  the  interior 
surface.  In  this  test  series,  condensate  was  "borrowed"  from  the  KCEL 
steam  plant  return-line  system  and  pumped  through  the  manifold  at  a 
pressure  of  approximately  8  psi  and  a  temperature  of  frea  130  to  200 
degrees  Fahrenheit.  Equal  flow  through  each  leg  of  the  manifold  was 
accomplished  by  adjusting  the  throttle  valves  on  the  discharge  side 
and  measuring  the  flow  volumetriually  for  a  given  period  of  tiL>e.  Each 
leg  of  the  manifold  was  equipped  with  a  swing  joint  in  the  pipe  fittings 
discharging  into  the  effluent  collecting  trough,  as  shewn  in  Pigure  3. 
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FleId-1  and  Fleld-2  teat  aeries  utilized  test  manifolds  as  shewn 
In  Figure  4,  in  which  one  corrosion  tester  of  each  typa  was  Installed. 
tChree  manifolds  were  prepared  and  installed  In  condensate  lines  of  two 
separate  steam  systems  at  CBC,  Fort  Hueneme,  California.  IWo  of  the 
manifolds  were  installed  in  the  Thomas  system,  which  is  the  largest  at 
CBC,  Fort  Hueneme.  In  the  past,  this  system  ^s  required  very  little 
maintenance  due  to  condensate  corrosion.  One  manifold  was  installed  in 
the  final  fifty  feet  of  the  condensate  return  line  and  therefore  was 
subjected  to  all  the  corrosive  products  of  the  entire  condensate  return 
system.  The  second  manifold  was  installed  in  the  final  fifty  feet  of 
one  of  the  subsystem  branch  lines  and  was  subjected  to  approximately 
one-fifth  of  the  system's  total  condensate  return.  Manifolds  were  bled 
after  installation  to  make  certain  that  they  were  filled.  Design  factors 
indicated  that  equal  flow  could  be  expected  in  each  leg  of  the  manifold. 
A  pressure  gage  was  installed  in  each  leg  to  indicate  full  flow,  and 
total  steam  production  and  makeup  requirements  were  recorded  for  the 
test  period.  Eesults  showed  the  two  Thomas  installations  to  have 
approximately  the  same  amotmt  of  corrosion;  they  are  therefore  cembined 
in  the  tabulation  of  results  under  "Thomas  Boiler." 

The  third  manifold  was  installed'in  the  condensate  return  line  of 
the  Laboratory's  steam  system.  Installation  was  similar  to  those  in 
the  Thomas  system.  This  system  requires  considerable  maintenance  to 
offset  condensate  corrosion  damage.  Despite  extensive  wacer  aim  eouden- 
sate  treatment  and  close  supervision  of  operating  practices,  this  con¬ 
densate  return  system  is  corroding  at  a  high  rate,  as  shown  ^.n  the  test 
results  and  confirmed  by  actual  maintenance  requirements. 


TEST  BESHLTS 

Table  I  shows  the  numerical  results  of  evaluation  tests  of  the 
testers  used  in  this  investigation;  Figure  5  is  a  graphic  presentation. 
The  variation  in  the  test  data  was  relatively  insignificant  among  three 
testers  -  the  BuKines  tester,  the  Corrosometer  probe  and  the  KCEL  tester. 
The  KDBA  tester  showed  a  significant  variation  in  the  test  data  from  the 
other  testers. 


DISCUSSION 

All  testers  except  the  Corrosometer  require  from  30  to  60  days 
exposure  to  arrive  at  a  corrosion  indication;  the  length  of  exposure 
period  is  directly  related  to  the  corrosiveness  or  the  condensate.  A 
period  of  10  days  to  2  weeks  lapses  while  the  BuMlnes  and  KDEA  testers 
are  returned  to  the  supplier  for  evaluation.  This  evaluation  can  be 
done  by  the  user,  but  is  not  recosmended.  The  MCBL  teste. s  were  eval¬ 
uated  at  the  LexiraCory  within  a  few  days. 


NDM  Tootor;  C  -  Corrooomotcr  Probu;  D  -  NCRIj  Coupon  Tootor. 
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About  a  week  after  the  adjustment  period  is  the  alniisua  time  for 
the  Corrosometer  to  determine  the  degree  of  corrosion.  It  was  found 
desirable,  when  Installing  a  new  Corrosoaeter  probe,  to  allow  3  to  5 
days  for  the  probe  to  becocce  adjusted;  thereafter,  progressive  corrosion 
or  the  effect  o£  inhibitors  could  readily  be  observed.  This  is  illus¬ 
trated  in  ?lgure  2. 

ISie  fact  that  many  Corrosoceter  probes  can  be  installed  and  that 
the  amount  of  corrosion  can  be  quickly  determined  without  removing  the 
probes  are  distinct  advantages.  In  addition,  the  Corrosoaeter  can 
detect  as  little  as  a  tenth  of  a  microinch  of  corrosion.  iMs  would 
permit  fine  adjustments  of  chemical  treatment  to  be  used  and  a  solution 
to  the  corrosion  problem  to  be  determined  in  a  matter  of  weeks  rather 
than  months. 

ihe  out-of-pocket  cost  of  the  testers  is  another  factor  to  be  con¬ 
sidered  along  with  time  and  dependability  in  the  selection  of  a  corro¬ 
sion  determination  method.  With  the  exception  of  the  Corrosoaeter,  the 
cost  of  testers  is  small.  The  BuHlnes  tester  is  furnished  to  US  naval 
activities  at  no  cost.  This  includes  evaluation  of  e3q>osed  testers  and 
a  report  of  the  findings  and  recesaendations  to  the  user.  KDHA  testers 
are  available  from  various  suppliers,  such  as  the  Dearborn  Chemical 
CoapaiQr,  for  $10.00  f.o.b.  the  factory.  The  charge  incliides  subsequent 
evaluation  and  a  report  of  the  findings  to  the  i^er.  Costs  for  cotq>on 
and  pipe  nipple  specimens  such  as  those  prepared  by  SCKL  are  lass  sig¬ 
nificant  since  they  can  be  fabricated  by  local  station  forces;  however, 
facilities  required  for  evaluating  these  specimens  may  preclude  the  use 
of  this  tester. 

ihe  Corrosoaeter  electrical  resistance  bridge  and  probes,  on  the 
other  hand,  represents  a  large  investment.  The  Crest  Instnicent  Coea- 
pany  lists  the  current  Hodel  CK  (similar  to  that  used  by  the  Laboratory 
in  this  investigation)  at  $650.00.  Probes  cost  frea  $50.00  to  $250.00, 
depending  upon  the  aaterlal  used  and  the  plysical  requirements  necessary 
to  withstand  various  pressures  and  temperatures.  Probe  elements  are 
available  for  replacing  exposed  elements  at  prices  up  to  75  percent  of 
the  cocq>lete  probe  (from  $30  to  $85).  This  high  cost  could  preclude  the 
use  of  instruments  of  this  type  on  an  individual  station  basts;  however, 
it  might  be  feasible  for  District  Offices  or  Public  Werks  Centers  to 
purchase  such  an  instrument  for  lae  on  a  rotational  or  need  basis  for 
individual  stations  under  tbeir  cognizance. 

In  order  to  find  out  what  testers  were  actually  in  use  in  the  field, 
infonaation  was  obtained  from  all  District  Public  Iforks  Officers.  It 
was  found  that  the  cossercial  testers  evaluated  were  in  use  in  the 
Districts,  in  addition,  several  other  testers  were  msntlonat.  These 
were  test  specimens  furnished  iy  Hall  Laboratories,  Division  of  Hogan 
Chemicals  and  Controls,  Inc.;  Betz  Laboratories;  and  Vright  Chemical 
Corporation. 
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BesTicmBe  ftoa  the  Diatricts  showed  that  the  testers 
^T'dlcate^the  deRree  and  soBsecisies  the  cause  o£  corrosion.  Althoo^ 

no  cooparison  could  be  laade  as  to  which  tester  was  best. 

COHCiLUSIOKS 

1.  Ih.  tester,  Cerretcteter  “ 

£«  ev.i»ti«  ep«=- 

IffiSs  asy  preclude  the  use  of  the  latter  type  of  tester. 

2  «here  it  is  desired  to  aonitor  the  effects  ^Sn 

and/or  to  observe  results  of  operat W 
30  dEys>  the  Cerrosoceter  type  instruMnt  is  t^  ^  pref^^. 
tMte«  requite  a  taininam  of  30  d^s  for  a  reliable  answer. 

3  An  additional  advantage  of  the  BuMines  tester  is  **^/“^^*  *^ 
cIuBrofS^oslon  can  often  be  detemlned  by  the  type  of  corrosion 
such  as  pitting  and  channeling. 


BEFSBSKS 

T  A  A  Bert.  -^Ise  of  Condeasate-eorrosion  Tester  for 

ti  0«t.ti.«tl«.."  tol.  14,  »•  2  po™**  45=8), 

pp  141-144. 
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DiSTRI3UTI0h{  LIST 


No.  e( 
Copies 

10 

SNDL 

Coje 

CKt«f,  Burceu  of  Ycfds  o.>d  Docks 

DiiDocks  Scenderd  Distributioo 

1 

23A 

WjyoI  Forcos  Coc:sse»j*rs  (Toiwon  Only) 

2 

39B 

Constr»^ion  Battolions 

9 

390 

UabSlo  Construction  Bettolions 

3 

39E 

AxRp^tktous  Construction  Bsttolicns 

2 

39F 

Construction  Bettolion  Bcso  Units 

I 

A2A 

Chiof  of  Kcvol  Resosrch  •  Only 

2 

A3 

Q:ief  of  Nsvot  Oporetioos  (Op»07,  0p>04) 

5 

AS 

Buroous 

3 

33 

Coll«9*s 

2 

F4 

Lokoretary  ONR  (Vcslunyton^  D.  C.  Only) 

1 

E16 

TretnM'»9  Oovico  Cenior 

8 

F9 

Stotien  •  CHO  (Boston;  Key  Wost;  How  Orlosns;  Son  Juon;  Long  Booeii;  Son  Diogo; 
Troosuro  Istend;  en4  Rodcnn«  C.  Z«  Only) 

5 

F17 

CosBunicotion  Stotion  (Sen  Juon;  Son  Froncisco;  Pocrl  Hsrbor;  Adak«  Alasko;  oci5 
Gooa  only! 

1 

r21 

Adsinistretion  Congnend  end  Unit  CNO  (Soipen  only) 

2 

F40 

Ceafauniceticn  Fecility  (Ft.  Lyot^toy  end  Jepon  only) 

1 

F41 

Socvffty  Siotton 

2 

F42 

Radio  St^Hon  (Osa  end  CheUanHota  only) 

1 

F43 

Radio  Fotility  (Londondorry  only) 

t 

F48 

Socxrity  (Srovp  AetiiriHos  (VHntor  Doibor  only) 

8 

K3 

Hospital  (CKolsoo;  St.  Mbens;  Pottsssuth,  Vo;  Boovfart;  Groet  Lekos;  Son  Dtogo; 
C^loicf;  ond  Csep  PoftdUton  only) 

1 

H6 

litfdicol  Cantor 

2 

J1 

Adeinistretfon  Cocatgad  end  Unit-BuPers  (Groot  Uckos  end  Sen  Diogo  only) 

1 

J3 

Air  Defense  Troining  Center  (Virginis  Beoch  only) 

2 

J4 

Asspiubiavs  Botes 

1 

J19 

Receie.ng  Stotion  (Brooklyn  enly) 

2 

J31 

Retrotning  Owoogid 

1 

J34 

Stetfon  •  BePers  {Wo^it^on^  D.  C.  only) 

1 

J37 

Troining  Center  (Bcinbridge  only) 

1 

J45 

Personnel  Center 

1 

J43 

Construction  Troining  Unit 

1 

J60 

Sckool  Acedceiy 

12 


Distribution  Ltst  (ConiM) 


$NDL 

Cod* 

J65  School  CEC  Ollic*rs 

J&4  School  Postgroduols 

J90  School  Supply  Corps 

J95  Sdtool  Wet  ColI*p* 

i99  Coswaunlestion  TfOining  Center 

Li  ^Ipyords 

L7  Loborstory  •  BuShips  (Hew  London:  Pang»c  City;  Corderode;  end  Amepolic  only) 

L26  Herol  Focitit«es  •  BuSeos  (Antigua;  Turks  Islcnd;  Borbodos;  Sen  Solvodoc;  end 

Eteuthere  only) 

LTD  Subacrins  Bos*  (Hew  London  only) 

L32  Havol  Support  Acthrhies  (Lonaon  &  Koales  ooIt^) 

L42  Fleet  Activities  •  BoSSdp^ 

U27  S^T^lr  Center 

1123  Supply  Depot  (Except  Guontenoso  Boy;  St^ie  Bey;  end  Yokosdco) 

t'di  Avietion  Supply  Office 

Hi  BuDodrs  Ditector^  Oversees  Division 

K2  Pu^ic  Works  OfBces 

H5  Construction  Bonolton  Center 

H6  Construction  Dfhe«r*iA*Chorge 

N7  Censtn^Hon  Hesidenl»OHteer*in*Cherge 

N9  Public  Works  Center 

N14  Housing  Activity 

R9  Reerdi  Depots 

RIO  Supply  Instaliotions  (^bssty  ond  Barstow  only) 

R20  Marine  Corps  Sdiools,  Quantico 

R64  Marin*  Corps  Bose 

RS6  Marine  Corps  Cec&p  Dctechaent  (Tengon  only) 

WlAI  Air  Station 

W1A2  Air  Stetioa 

W1B  Air  Section  Auxiliary 

WIC  Air  Focility  (Phovnlx;  Monterey;  Oppaao;  Nabo;  -end  Naples  only) 

WIE  Motm  Corps  Air  Station  (Except  Quentiao) 

W1F  Marina  Corps  Auxiliory  Afc  Station 

WIH  Station  *  BuWeps  (Exaeot  Roro) 

WlJ  Fleet  Aircraft  Service  Squadron 
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Oittrlbjtion  Litt  (Cmt’d) 


No.  o( 
cep  is* 

I  Chltf  of  Staff.  U.  S.  Aray,  Chief  of  Rssooreh  and  Dseslopasot,  Osportaonl  of  the  Arsy, 

Voshlnstua  25,  C.  C. 

1  Offte*  of  the  Chlrf  of  Esginser*,  Asst.  Chief  of  Ensinecring  for  Civil  Wo«ics,  Oepettiseoi  of  the 

Ansy,  WeshiajSea  25,  D.  C 

1  Oiiof  of  Eeginecrs,  Oeperteo.it  of  the  Ansy,  Attn:  Ensinoorirtg  R  &  0  Oivlsiett,  Washington  25,  0.  C. 

1  Craaendiftg  Officet,  Engineering  R  &  0  Lehoratoies,  Attn:  Tecinicel  Intelligence  BroncH, 

Fort  Betvoir,  Virginia 

1  CocBOndirg  Genarel,  Wright  Air  Deveiopaest  Center,  Air  Research  end  Oeoelopment  Coanacnd, 

Wrlght-Pettcrson  Air  Force  Bess,  Ohio 

i  Oeptrty  Chief  of  Staff,  Oevelepaent,  Oirecter  of  Research  end  Oevelopaeti*,  Departisent  of  the 

Air  Force,  Weshlngtea 

f  President,  Uarim  Corps  Equiptaem  Bec-d,  Msrit»  Corps  Spools,  Qvatnl  jo,  Virginia 

1  Oircclor,  Hationel  Baroeti  of  Startderds,  Depottasm  of  C.  sssrcs,  Connecticct  .*.v*t»*, 

Veshlogtot:,  O.  C. 

10  Araed  Services  Toclnleal  infomotieo  Agency.  Ariington  Hail  Station,  Arlington  12,  Virginia 

1  OepBty  Chief  of  Steff,  Reseereh  ond  Oeveiopaeet  Kscdgaarters,  U.  S  Uerina  Corps 

3  Headgverters,  USAF,  Direciarct*  of  Qvil  Engitteerlng,  Attn:  ArOCE-ES,  Washittgton  25,  D.  C. 

2  Cowgender.  IHaig.'nieti,  Air  Reseereh  eed  OerelspMtrt  CoaBond,  Andreos  Air  Force  Beta, 
Washingtaa  25^  D.  C. 

2  Office  of  the  Oiraetor,  U.  S,  Coast  end  Geodetic  Survey,  Washington  25,  0.  C. 


HCEL  Standerd  Oistribirtien 

2  Director  of  Defense  ReeeareS  erd  Englo*«rit>a,  Oeportisent  et  Defense,  Washiogtan  25,  D.  C 

2  Director,  Division  of  Plem  and  Policies,  Heedgoorters,  U.  S.  Merita  Corps,  Weshittgten  25,  D.  C. 

2  Director,  Bureco  of  Recieeietfeo,  Weshingtan  25,  D.  C. 

2  Conr-ionding  Ofticer,  U.  S.  Kavai  Constroctien  Battalion  Center,  Attn:  Technical  Division, 

Cede  141,  Fact  Hasneae,  Colifamie 

2  Corvoonflng  Offieer,  U.  S.  Novel  Canstrvetion  Bettaliao  Ceirtar,  Attn:  Ueteriel  Departaent, 

Cods  142.  Port  Hueacas,  California 

1  Ceaaonding  Officer  fPetsnt  Oept.1,  OHics  of  Novel  Reseereh  Brooch  Office,  1030  E.  Green  Stnet. 

Pasadena,  Celifaenia 
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